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The world of color presents no more surprising phenomenon
than that of color-blindness which is ever playing a mysterious back-
stage role in human experience. An example of its more serious
pranks is the following historic incident. Maximilian Hell of
Vienna was the one astronomer to observe the transit of Venus in
1769 from the most favorable station on the globe, a position at
the northern extremity of Norway. The publication of his report
was eagerly awaited by astronomers generally and when the delay
seemed long whisperings got about that cloudy weather had inter-
fered with the observations and that Father Hell was "doctoring"
them in Copenhagen. After his publication appeared some mistrust
of the author unfortunately still remained in circulation. About
1833, Director Littrow of the Vienna Observatory found Father
Hell's original journal on deposit at the Austrian National Observa-
tory and examined it most critically. It appeared to Littrow that
notes in the journal, including the figures which recorded the critical
moment of "contact," showed erasures and the insertion of other
words and figures. Littrow published his criticisms in a small book
and then the doubts concerning the genuineness of Hell's work
seemed well substantiated. However, Simon Newcomb, in 1883,
examined side by side Littrow's little book and Hell's journal and
found disagreements between them which were most puzzling to
reconcile. Finally, it occurred to Newcomb that Littrow's apparent
misjudgments of the tints of ink in the manuscript could have
resulted from his being color-blind. Investigation indicated the
probable correctness of this hypothesis, for it was found that Littrow
was known to have a defect of color sense for red. "He could not
distinguish between the color of Aldebaran and that of the whitest
star."' 6
Color is such an important element in military operations, in
science, industry, and commerce, and in society generally that every
person should have some objective self-knowledge of the character-
istics of his own color sense. The use of pseudo-isochromatic tests
* From the Laboratory of Physiological Psychology, Department of Psychiatry
and Mental Hygiene, Yale University School of Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
(hidden color patterns) such as those of Stilling and of Ishihara
makes possible the diffusion of self-information regarding color-
blindness through large sections of the adult population. The tests
are at hand and have been found satisfactorily valid and exceedingly
simple to apply. The time requirement is so minimal as to insure
their popularity. All that is necessary is that a wide range of
institutions, both industrial and educational, should make suitable
provisions for their several populations to take the tests under some
supervision which will at the same time properly inform each indi-
vidual of his or her results.*
Tests and Conditions
The present report is based chiefly on data gathered by the New
York Museum of Science and Industry in connection with a note-
worthy Color Exhibition which that institution held in 1931. The
Museum made it both possible and convenient for its visitors in the
Color Exhibition to take the Ishihara Test3 as a self-administered
examination. On a specially printed card-board record-form (14 x 9
inches) full directions were given; and spaces were provided for
writing down what was seen on each of the Ishihara charts. Provi-
sion was made also for recording sex, age, and occupation or profes-
sion. Atrainedassistant,who was amemberofthe Museumstaff,was
constantly in charge of the test exhibit and gave verbal directions as
needed to supplement those printed on the form provided for each
visitor who wished to take the test. The standard directions as to
distance (2>2 feet) were, in general, followed. The subjects stood
and walked along parallel to the displayed line of sixteen charts.
The lighting was always a mixture of daylight and some artificial
light.t The attendant inspected each record and informed the testee
of the result attained. The record cards were kept at the Museum
and were kindly made available to the writer.
* A pair of red and green gelatin filters each mounted in a card-board frame is
a useful adjunct to test equipment. A person who fails to see numbers on some
of the charts will find the numbers on looking at them through the filters. He may
thus be shown the nature of his difficulty. He is easily convinced and gains respect
for the test. After such a demonstration he is not likely to say, "They told me I
am color blind, but I don't believe it."
t A mixture of daylight and artificial light was also used in the Yale tests, results
for which are included in this paper for comparison. In the Yale color examina-
tions subjects sat, held the Ishihara book, turned its chart-pages and called off the
numerals seen while the attendant recorded; if curious errors occurred a re-reading
was used as a check.
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General Results
Adults welcome the opportunity to take such an examination and
the Museum management is to be congratulated on having made
this possible to so large a number. The general statistics are given
in Table 1. The total for men and women filling out color test
cards was 11,070. Of the 7,966 men taking the test, 88.8 per cent
returned cards showing no errors; the comparable group among
the 3,010 tested women shows 95.5 per cent errorless. A group
of 851 men, constituting 10.7 per cent of those reporting, made two
or more errors in the total of the 16 charts. However, this is a
combination of the errors resulting from color-weakness proper and
a certain amount of carelessness incident to self-recording. On
scrutinizing this group of 851 cards for critical errors characteris-
tically made by color-blind subjects on the Ishihara test and con-
fining the selection to the 13 charts which contain numerals (omitting
TABLE I
SELF-EXAMINATION FOR COLOR BLINDNESS WITH THE ISHIHARA CHARTS AT THE
NEW YORK MUSEUM OF SCIENCE AND INDUSTRY
(Adults examined: Total men and women 11,070)
Groups Number Per cent
Men taking test . 79 66................................. .7,966 100.0
Men making no errors . .......................................... 7,071 88.8
Men making two or more errors ........................................ 851 10.7
Men found color-blind or color-weak ................................ 567 7.1
Women taking test ................ .......................... 3,010 100.0
Women making no errors .......................................... 2,876 95.5
Women making two or more errors .................................... 138 4.6
Women found color-blind or color-weak ............................ 38 1.3
Sex not reported .............. ............................ 94 100.0
No errors .......................................... 55 57.4
Color-weak .......................................... 26 27.7
the three so-called "illiterate" charts, Nos. 14, 15, and 16) it is
found that the color-defective group of men actually numbered 567,
equalling 7.1 per cent of the total group of men tested. The num-
ber of women who made two or more errors amounted to 138,
equal to 4.6 per cent of the group tested; but here,again, the factor
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of accidental or careless errors seems to be large, and confining the
selection to crucial errors on the 13 numeral charts reduces the
group to 38, amounting to 1.3 per cent of the women examined.
There were 94 individuals in the 11,070 (0.85 per cent) who
failed to record their sex. It is interesting to note that only 57.4
per cent of this group showed no errors, and that 27.7 per cent gave
records indicative of definite color-weakness. As a group these 26
cases show pronounced color-sense deficiency, and it may be that
the elements of frustration and discouragement account for their
failure to provide more complete data concerning themselves.
For those who have used the 16-chart editions of the Ishihara
test an analysis showing the percentages of both men and women
who pass, fail (see no numbers), and give certain deviate responses
for the different charts may be of interest. This analysis is pre-
sented in Table 2. For American eyes, as found in New York City
together with some out-of-town visitors, the most sensitive chart
again turns out to be No. 5, passed by 22.1 per cent of males and
50.7 per cent of females. No woman failed to see some number
on the chart whereas 8.6 per cent of the men did fail. Of the
men, 47.0 per cent read No. S as 21 and 13.2 per cent as 71, and
there were 9.3 per cent who gave miscellaneous deviate readings.
Among women the larger deviate group, 21.0 per cent, gave the
reading 71, only 14.5 per cent read it as 21, and 13.8 per cent gave
other deviate readings.
The results for pairs of charts that make up the test: 2-3, 4-5,
6-7, 8-9, and 12-13, tend not to show equivalence of difficulty.
Whether this is from chroma or from pattern differences is not
revealed. Plate No. 15 corresponds to Nos. 6 and 7, and was
passed by about as many men but failed by only half as many,
indicating that for many with color defect it is easier to trace a path
from dot to dot than to see at once the outline of a digit.
Congenital color-blindness is usually classified7 under three main
groups: I. Anomalous Trichromatism; II. Dichromatism; and III.
Monochromatism. Under I. there are two sub-groups: A. the Prot-
anomalous, showing diminished effectiveness of long wave length
radiation and requiring more red for mixture purposes in the
Rayliegh equation; and B. the Deuteranomalous, showing dimin-
ished effectiveness for medium frequency radiation, i.e., green-
weakness. Under II. there are three sub-groups: A. the Protonopic,
relatively blue-sighted, spectrum is short at the red end, commonly
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TABLE 2
PERCENTAGES OF MUSEUM MEN AND WOMEN WHO PASSED, FAILED, OR GAVE
CERTAIN DEVIATE RESPONSES FOR THE DIFFERENT ISHIHARA PLATES
(Numerals in parentheses indicate deviate-response readings)
Plate Men: 851 from 7,966 tested Women: 138 from 3,010 tested
No. Pass Fail |Dev., Dev.2 I Dev.. Pass Fail Dev.1 T Dev.2 Dev.
2
3
4
5
6
7
8
9
I04o
11t
12
13
1411
1511
1611
99.5
65.4
58.2
44.3
22.1
59.2
62.6
49.5
53.6
33.3
64.6
47.7
54.8
68.5
56.3
59.0
0.2
8.9
15.2
10.0
8.6
32.9
30.4
36.4
39.6
53.0
30.8
18.6
16.4
12.6
14.3
17.4
......
(3)*
19.7
(5)
19.5
(2)
44.3
(21)
47.0
(8)
3.6
......
(6)
5.8
(9)
4.1
......
......
(2x)
20.2
(4x)
21.1
18.9
21.0
12.7
......
(5)
4.2
(8)
3.2
......
(71)
13.2
(8)
4.1
......
......
......
(X6)(28)
3.6
(x2)
2.6
8.3
10.9
0.2
0.6
4.0
1.4
9.3t
4.2
6.9
4.2
2.7
13.7
4.6
9.9
5.1
......
......
99.3
90.5
89.8
89.1
50.7
94.9
89.8
89.1
90.5
4.3
41.3
77.4
91.2
87.6
84.0
70.2
......
1.4
3.6
5.1
2.9
3.6
5.8
7.2
57.2
52.8
2.9
3.6
8.0
8.7
10.9
(3)
5.1
(8)
3.6
(2)
3.6
(71)
21.0
......
(7)
3.6
......
......
......
(25)
5.1
(4x)
2.9
4.3
4.3
8.0
(21)
14.5
......
(28)
4.3
......
......
2.9
10.9
0.7
2.9
2.9
2.2
13.8
2.2
2.9
5.1
2.2
38.4
5.8
10.1§
2.2
......
......
* The most frequent deviate response for chart No. 2 was the reading "3";
second in frequency was the reading "5."
t There were 47 cases giving a Dev.3 response of "24."
t Designed to be read by the red-green blind and not by the normal and the
total color-blind.
§ There were 3 cases that reported only the numeral "2."
11 Winding-line diagram.YALE JOURNAL OF BIOLOGY AND MEDICINE
referred to as "red-blindness"; B. the Deuteranopic, relatively
yellow-sighted, referred to as "green-blindness"; and C. the Tri-
tanopic, relatively blind for yellow and blue, the colorless spectrum
band at 583 mu. For group III. there are no common sub-divisions.
For such eyes as these the spectrum appears as a series of gray values.
(For a concise statement of types see Ref. 2, Note 1.)
As generally employed, the Ishihara test quickly sorts out 6 to
8 per cent of the male population who have defective color vision.
This includes an occasional monochromat, the dichromats supposedly
composing 3 to 4 per cent, and the anomalous trichromats making
up another 3 to 4 per cent. Ordinarily no attempt is made with this
test to set off these groups having differing degrees of defect. In
the pamphlet of instructions accompanying the test Dr. Ishihara has
a short paragraph as follows: "No. 12 and No. 13 can usually be
dispensed with in practical testing. They are only used when more
exact testing for the kind and degree of defect in color vision is
necessary."* This pre-war statement was readily accepted and
apparently most users of the Ishihara test made no attempt to take
advantage of plates Nos. 12 and 13 (or, in the 32-plate editions,
Nos. 22-25) for what they might yield in classifying the identified
color defectives. When man power is plentiful for military services
and industry it may be feasible to disqualify 6 to 8 per cent for
color defect. Under other circumstances it may be better to dis-
qualify only the monochromats and dichromats and to accept the
anomalous trichromats. Can this identification be made with the
help of plates Nos. 12 and 13 together with the other plates?
An attempt was made in 1928 by von Planta,8 who examined
2,000 German boys, 10 to 16 years of age, with various tests. Those
with color defect were then studied with a Nagel anomaloscope
employing gas light, and the results were compared with the
responses on the Ishihara plates (16-plate edition). His results on
159 cases selected by means of the confusion charts are summarized
in Table 3. A surprising finding in these data is the even division
of the dichromate between protonopes and deuteronopes. Ordi-
narily the proportions are much more nearly those shown for the
protanomalous and deuteranomalous given in the upper part of this
table for division of the anomalous trichromats.
* Nos. 12 and 13 were omitted from the Reduced Edition of I I plates of 1936;
also they have not been reproduced among the Pseudo-isochromatic Plates for Test-
ing Color Blindness issued by the American Optical Company, 1940.
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TABLE 3
INCIDENCE OF THE MAIN TYPES OF COLOR-BLINDNESS
(Data of P. von Planta; 159 cases from 2,000 boys 10-16 years.
Analysis by the Nagel Anomaloscope)
Per cent of Per cent of
Type No. cases total pop. tested color-defect group
I. Anom. Trich.
Prot. 9 0.45 5.7
Ext. Prot. 3 0.15 1.9
Deut. 78 3.90 49.0
Ext. Deut. 7 0.35 4.4
11. Dichro.
Prot. 32 1.60 20.1
Deut. 30 1.50 18.9
Tritan. 0 0 0
IlI. Monoch. 0 0 0
Total 1 59 7.95 100.0
When von Planta, having identified his color defective groups
by means of the anomaloscope, examined their responses on the
Ishihara charts he found the percentages of errors (failures and
deviate readings) shown in Table 4. Charts 3 to 9 inclusive, except
for the deuteranomalous, tended to be missed or misread almost
100 per cent. These charts perform as general screening devices to
detect both the color-blind and the color-weak. Charts Nos. 12
and 13 are more discriminating. They emphasize selection of
dichromats. The deuteronopes in 97 per cent identified the red 2
and 4, while the protonopes did so in only 28 and 25 per cent.
They, however, identified the purple-red 6 and 2 in 72 and 78 per
cent of cases. Von Planta makes the following summary statement:
"Charts 12 and 13 allow with great probability a differentiation
between red-blinds, extreme red anomalies and red anomalies and
green-blinds, extreme green anomalies and green anomalies respec-
tively, this differentiation is however not absolutely sure. A dif-
ferentiation among the various sub-groups is possible. It presup-
poses, however, that the total results of the test should be considered
especially as to whether any charts and how many ofthem have been
read. One can see from the table [Table 4] that mostly a gradual
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increase in poor or mistaken readings may be noted passing from the
anomalous to the dichromats."
TABLE 4
RESULTS ON ISHIHARA S CHARTS ACCORDING TO THE MAIN TYPES OF
COLOR-BLINDNESS*
(Data of P. von Planta; 159 cases from 2,000 boys 10-16 years)
12 13
Ishihara I2at 12bt 13at 13bt
charts Nos. 1 2 3 4 5 6 7 8 9 P-R. R. P-R. R.
1. Anom. Trich.
Prot. -44 100 100 100 100 100 100 100 55 67 55 78
Ext. Prot.- 66 100 100 100 100 100 100 100 66 33 66 33
Deut. - 52 84 99 95 67 78 96 95 9 77 6 72
Ext.Deut.- 71 100 100 86 86 100 100 100 - 100 - 100
II. Dichro.
Prot. --81 94 100 100 97 97 100 100 72 28 78 25
Deut. -97 100 100 100 100 97 100 100 3 97 3 97
III. Monoch. _I
* Percentages indicate what proportion of the color-weak boys failed to read the
chart at all or read it incorrectly.
t Columns 12a and 13a refer to the purple-red numbers, 6 and 2, respectively,
on the right-hand sides of these charts. Columns 12b and 13b refer to the red
numbers, 2 and 4, respectively, on the left-hand sides of these charts. The figures
shown in these columns, unlike the rest of the table, give the percentages of correct
identification of the numbers.
Grading Color Defect by the Ishihara Test
The 851 Museum cases were put on punch cards and could
easily be classified in various ways. After different sortings it was
decided that only 567 of these men gave clear evidence of defective
color vision. In the light of present military interests it was desirable
to fractionate this group in terms of degree of defect. For this pur-
pose the responses in Ishihara charts Nos. 12 and 13 seemed the
best basis, since anomaloscope measurements had not been taken.
Results on a population of 4,497 men, Yale students, examined with
the Ishihara test (5th edition) during the academic year 1934-35,
were available for similar classification. This Yale population
yielded a color-defective group of 286, or 6.4 per cent. The analysis
ofthe two populations fordegree ofcolor-vision defect are presented
in parallel arrangement in Table 5.
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TABLE 5
GROUPINGS OF COLOR-BLIND RESPONSES ON ISHIHARA CHARTS NOS. 12 AND 13 OF FIFTH
EDITION FOR MUSEUM VISITORs-7,966 MEN AND 3,010 WOMEN, AND 4,497 YALE EN
(Charts Nos. 10 and 11 and Nos. 14. 15, and 16 are omitted from consideration)
Museum Yale
Men Women Men Charts failed or read as color-blind see
Group No. % ocb No. %cb No. %ocb them or otherwise erroneously
2 0.7
0
10 3.5
28 9.8
1 0.3
1 0.3
10 3.5
45 15.7
12 4.2
112 39.3
4 1.4
22 7.7
9 3.2
2 0.7
7.0
8 2.8
Complete failure on Nos. 12 and 13,
and read no numerals on all other charts
with the exception of No. 1.
Same as above, except read No. 2 cor-
rectly as normal or in error but not as
typical red-green blind.
Complete failure on Nos. 12 and 13,
failure on Nos. 6, 7, 8, and 9 with c.b.
errors or failure on Nos. 2, 3, 4, and 5.
Same as above, except read Nos. 2 and 3,
one or both correctly.
Same as II, except read No. 4 or 5 or
both correctly with all else blank, or read
No. 6 or 7 or both correctly.
Fails one red and one "green" on Nos.
12 and 13.
Fails both reds and one "green" on Nos.
12 and 13.
Fails both "greens" and one red on Nos.
12 and 13.
Fails both reds on Nos. 12 and 13; got
both "greens."
Fails both "greens" on Nos. 12 and 13;
got both reds.
Fails one red only on Nos. 12 and 13.
Failsone "green" onlyon Nos. 12 and 13.
Complete success in Nos. 12 and 13, fail-
ures on 6, 7, 8, and 9, and color-blind
errors on 2, 3, 4, and 5.
Complete success in Nos. .12 and 13,
failures on 6, 7, or both, color-blind
errors on 2, 3, 4, and 5.
Complete success in Nos. 12 and 13,
failures on 8, 9, or both, color-blind
errors on 2, 3, 4, and 5.
Complete success in Nos. 12 and 13, and
6, 7, 8, and 9, with color-blind errors on
some or all of Nos. 2, 3, 4, and 5.
Total 567 100 38 100 286 100
per cent 7.1 1.3 6.4
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11 1.9
9 1.6
49 8.6
34 6.0
15 2.6
16 2.8
0
0
3 7.9
0
0
1 2.6
0
0
0
R-G I
R-G Ia
R-G 11
R-G Ila
R-G lIb
R-GIIc
R III
G III
R IV
G IV
RV
GV
WVI
W VIa
W VIb
W VIc
22
31
3.9
5.5
3
0
3
2
7.9
7.9
5.3
7 1.2
145 25.6
3 0.5
55 9.7
29 5.1
5 0.9
28 4.9
108 19.1
0
2 5.3 20
24 63.1
II
I
I
I
i
I
I
I
I
I
I
I
I
t
I
c
f
c
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It will be recalled that charts Nos. 12 and 13 have gray back-
grounds and each presents a double number. The left hand numeral
is red, to pick out the red-blind (protonopic or protonomalous) and
the right hand numeral is purple-red. Green-blind individuals
(deuteranopic or deuteranomalous) usually fail to distinguish this
purple-red from gray. For convenience in later discussions these
purple-red items will be referred to as "green." A few cases in any
sizable population of color-blind will fail (see no numeral) both
red items and both "green" items on charts Nos. 12 and 13.
Ishihara, in his manuals, refers specifically to having found a few
such cases. Monochromats would of course do this. But not all
such cases can be monochromats, as seems evident from Table 5.
Most of them are probably dichromats, but their defect is more
severe than is that of the usual dichromat who fails both "greens"
and gets both reds or vice versa.
Cases that fail both the reds and the "greens" of charts Nos. 12
and 13 have been designated in the table as R-G and there are six
sub-groups of them. R-G I, of whom there were 11 Museum men
and 2 Yale men, failed all charts included in the analysis (saw no
numerals) except for chart No. 1. R-G Ia, which includes 9
Museum men only, failed all charts except Nos. 1 and 2, the latter
usually read as normals would read it. In R-G II we find 49
Museum men, 3 Museum women, and 10 Yale men. These com-
pletely failed Nos. 12 and 13, and also Nos. 6, 7, 8, and 9, but made
typical color-blind errors on Nos. 2, 3, 4, and 5; the latter four all
show convertible digits. R-G Ila resembles R-G II with this dis-
tinct difference that Nos. 2 and 3, one or both, were read as normals
read them. This group comprised 34 Museum men and 28 Yale'
men. In R-G Ilb we have another pattern; Nos. 12 and 13 were
zompletely failed, but Nos. 4 or 5, or both, were read as normals
read them and a few who read Nos. 6 and 7 correctly. The next
sub-group, R-G IIc is a classification problem on which there will
doubtless be division of opinion. Perhaps they belong under III in
comparison with which they appear to have less defect. These people
failed one red and one "green" and of course got one red and
"green" and usually failed Nos. 6, 7, 8, and 9, but made color-blind
errors on 2, 3, 4, and 5. On the other hand R III failed both reds
and one "green" while G III failed both "greens" and one red and
both these sub-groups characteristically failed Nos. 6 to 9 inclusive.
In sub-groups R IV and G IV of Table 5 we have what are
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commonly thought of as the typical dichromatic response patterns as
brought out by the Ishihara test. The R IV cases fail both the reds
and get both the "greens" on Nos. 12 and 13, while the G IV people
do just the opposite. One group is the so-called protonopic and the
other the deuteranopic. Together they account for 26.8 per cent
of the Museum men and 43.5 per cent of the Yale color-blind popu-
lation of 286 cases. On color discrimination, as represented by the
Ishihara plates, they perform better than groups III, II, and I, and
less well than groups V and VI, but their performance appears to
lack sharp distinct character other than that they get one or two
charts more or less than do cases in adjoining groups.
Sub-groups Vincludecases that have aminor amount ofdifficulty
with charts 12 and 13; R V cases are rare, they fail one red only
and make the usual failures, color-blind or color-weak errors, on
the other charts. G V are more numerous, they fail one "green"
onlyand otherwise follow the pattern. Finally, we come in Table 5
to groups which have complete success with charts 12 and 13 but
show failures or common color-blind errors on the other charts.
These have been classed W for color-weak and under VI there
appear to be four distinguishable sub-groups as described in the table.
Additional Yale Data
Before attempting any condusions from the analysis thus far
presented in this paper the writer decided to seek further data
gathered by means of the 9th edition of the Isfhihara test. This later
edition is comprised of 32 plates in place of 16, as the number of
each variety of plate included has been doubled. However, there
are some variations in color, as pointed out by Murray.4 We turn
again to Yale materials at the Department of University Health.*
The data about to be discussed were not placed on punch cards.
Each case, normal or color blind, had been recorded on a separate
3" x 5" card which showed the responses to all the charts. Before
making any counts of colordefectives and wholly by chance the total
of 5,716 Yale men examined in this series was divided into four
sample populations. Then the color defectives were identified,
classified, and counted. The results are embodied in Table 6.
*The writer wishes to record his gratitude to Miss Katherine Zuraw, in charge
of visual tests at the Department of University Health, who administered the tests
including those reported in Table 5, and to Mr. Stanley Schachter for assistance in
the work of classification.
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The charts, with gray backgrounds and red and "green"
numerals, Nos. 22, 23, 24, and 25, were made the chief basis of
classification. Within the limits of reproducibility Nos. 22 and 23
are identical with Nos. 12 and 13 of former editions, Nos. 24 and
25 are of new design. The arrangement of Table 6 is similar to
that of Table 5. Groups R-G I and R-G II are comparable in both
tables. Some of the sub-groups have been omitted from Table 6
for simplicity. Group III has here been labeled R-G, since there
was partial failure on both reds and "greens" of charts Nos. 22-25;
the two sub-groups havebeen based on how many ofcharts Nos. 2-21
were read correctly,that is,as normals read them. R-G IIIa showed
an average of 4.82 wrong items in the 8 (4 red and 4 "green")
presented on charts Nos. 22-25, while R-G IIIb had a comparable
average of 2.67. The former group gave 6 or fewer correct
responses on Nos. 2-21 and the latter 7 or more correct.
The "typical patterns" for the protonopic and deuteranopic are
again classified under R IV and G IV respectively; the former
missed all the reds and got all the "greens" and the latter showed
the reverse response. The four sample populations show fairly
comparable incidence for sub-groups IV. The R IV percentages for
samples 1 to 4 were 24.4, 15.6, 12.3, and 19.3, respectively, and
for the total population of 410 cases, 18.3. As is to be expected the
number classifiable as G IV are fully twice as many. The four
samples yield percentages of 40.3, 45.9, 44.4, and 42.0, and for the
total population 43.2. These percentages for protonopic and deu-
teranopic cases revealed by the 9th edition of the Ishihara test appear
to be larger than those disclosed by the 5th edition, as shown in
Table 5, especially for the Museum population.
Sub-group V is one-sided, that is, Table 6 gives only a G Va
and G Vb. In the discussion of Table 5 it was pointed out that R V
is a rare type of case. There were three in the Museum population
and four in the earlier Yale population. In the later Yale popula-
tion, cases which succeeded on the "green" items of Nos. 22-25 and
gave partial failures on the red items did not appear, hence, this
classification is omitted from the table. The two sub-groups G Va
and G Vb together account, in the total population of 410 color-
blind, for 11 per cent, the four samples show rather consistent
incidence. The distinction between G Va and G Vb as recorded in
the notes for Table 6 is on the basis of correct readings of charts
Nos. 2-21. G Va read four or fewer of these cards as normals read
them, and showed an average of 2.15 wrong or failure responses
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out of the four "greens," whereas G Vb read five or more cards of
Nos. 2-21 as normals read them, and on the average failed 1.08
of the four "greens."
The color-weak are classified as W VIa and W VIb. Both these
groups had complete success with Nos. 22-25. The former group
read five or fewer of cards 2-21 as normals read them, and the
latter group, W VIb, read six or more of cards 2-21 as normals read
them. These two sub-groups together account for 14.5 per cent
of the 410 color-blind, and the percentage distribution of these cases
between the four samples is seen to be fairly comparable.
Disqualification for Color-Blindness
The color tests have always been misleading. They classify
some men as color-blind and all the rest as normal. Actually,
among so-called normals some are far superior to the average, and
as seen here among the color-blind some show convincing evidence
of much greater defect than others. The two general groups might
better be thought of as two portions of one wide distribution for
human color discrimination ability which may be asymmetrical and
show several secondary modes. The cut-off position or disqualifica-
tion point on the color defect side of the distribution cannot be set
in general terms. It must be based on the color jobs of the per-
sonnel to be selected or disqualified. For locomotive engineers the
job analysis for color was relatively simple, but even here the
optimal disqualification point was not highly precise.
In terms of pre-war thinking, in reference to the Air Force, any
defect in color vision was regarded as a hazard to the piloting of
planes and especially so if emergencies had to be met.1 This formu-
lation was sogenerally acceptable that the Services were quite ready,
as a rule, to disqualify any man who, on the basis of his reading of
the pseudo-isochromatic charts, indicated the presence of color defect
by failing two or more critical charts. It seemed unnecessary to
separate men according to degree of defect because they were all to
be disqualified anyway. A job analysis for color discrimination as
needed by a pilot or members of an air crew was not made because
of the foregoing conclusion that any color defect was an unnecessary
hazard. With the rapid and extensive expansion of air force per-
sonnel in military services these previous assumptions need to be
re-examined. Quite naturally the question is raised whether 7 or
8 per cent of otherwise qualified men should be discarded from
training because of color-defective vision indicated by the Ishihara,
72COLOR BLINDNESS
Stilling, or American Optical tests. Probably the Services do not
want to disqualify so many unless this is absolutely necessary and
certainly the men themselves are greatly irked by the old policy.
It is obvious that refinements in the examination for color-blind-
ness are available through the use of various color lanterns, the
anomaloscope, and other equipment frequently employed in labora-
tory investigations of this subject. Such apparatus is more expen-
sive, complicated to operate and to maintain, and therefore much less
acceptable as a means of examination and classification than are the
books of color charts, which in recent years have come to dominate
this general testing field. This paper is offered as a contribution
toward the solution of the present difficulty. Full advantage of
the Ishihara test or ofthe possibilities offered by pseudo-isochromatic
charts for grading degrees of color defect has not been realized in
the past because it was not needed. It is readily conceded that the
chart tests are frequently not given under standard or well-regulated
conditions. Aside from showing the charts in a fixed order which
permits of subjects being coached,* lighting and distance conditions
are not standardized. In many instances subjects are permitted to
take the book in their own hands and to tilt it in any way which will
facilitate their reading the numerals. No one pretends to defend
this condition of affairs. When a test is widely employed and
implicit trust is placed on it such variations in use are almost certain
to occur. Parallel variations will arise in the giving of lantern tests
unless very special training is provided for the examining personnel.
The anomaloscope does not automatically settle these questions
or give an absolute classification basis. As Murray4 has recently
pointed out, the results are in certain respects equivocal. In order
to abbreviate such a test for practical use one or only a limited
number of color equations can be tried and these represent a limited
test of the subject's color discrimination ability.
Red and green as critical signals to be discriminated at various
levels of brightness are well intrenched in the Air Force and else-
where in our military services. Just so long as they are used so
*The charts should be on separate square cards which can be used in various
orders and orientations. The careful examiner will change the orientation at times
and ask for the position of the digit. Another check method against memory
response is to give the testee a small camel's hair brush and ask him to touch specific
features of the digit, for example, the dot with which it begins, or where it ends,
or to trace it with the brush. A coached person can usually be detected by such
means.
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widely and in the contexts of danger or safety, just so long must
scrupulous attention be given to disqualifying, from training, men
who cannot make these distinctions with assurance and promptness.
The Ishihara test provides charts which require the making of such
distinctions in reference to a neutral background. It is regrettable
that the American Optical tests do not include these most discrimi-
nating charts. These charts and distinctions are not failed by indi-
viduals who are merely color-weak or have mild degrees of defect.
It is, therefore, suggested that in the interest of economizing man
power and at the same time of avoiding the hazards due to dichro-
matic or extreme anomalous color vision a practical cut-off position
might be chosen between group IV and group V in the series shown
in Tables 5 and 6. This would mean for the population of 7,966
Museum men, disqualification of 4.3 per cent or 60 per cent of the
color-blind group of 567 men. For the population of 4,497 Yale
men tested, it would mean exclusion of 4.9 per cent or 77 per cent
of the 286 color-blind men identified. For the 3,010 women
examined in the Museum population, it would disqualify 7 or 0.2
per cent, which amounts to 18 per cent of those found to be color
defective. Turning to the later population of 5,716 Yale men
examined and treated as four independent samples, the qualification
cut-off would exclude 5.5 per cent of Sample 1, 5.3 per cent of
Sample 2, 5.0 per cent of Sample 3, and 5.6 per cent of Sample 4.
For the entire group the disqualified number would equal 5.4 per
cent, or 75 per cent of the 410 color-defective men identified in
this population. These figures are in substantial agreement with
the value of 5 per cent as given by Ishihara for the incidence of
red-green-blindness. However, if we add together von Planta's
dichromats, extreme protanomalous and extreme deuteranomalous,
we find a total of 3.6 per cent, or 45.3 per cent of his color-blind
group of 159 cases.
Probably a 5 per cent disqualification of men for color defect is
larger than the medical branches of our Services would wish. Cer-
tainly it need not be applied to many types of military service. On
the other hand, for air crew color discrimination is more critical, and
seems likely to remain so. We must deal with men as they are.
The color functions of their eyes cannot be changed to order. Two
alternatives are open. (a) More men can be accepted for service
if the color features of the job are made less critical, for example,
either by changing the signals or by greatly increasing the brightness
of the signals. (b) If the signals are kept the same and are fre-
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quently of low brightness, but critical, then, if serious hazards are
to be avoided, the men who cannot distinguish them, but must bear
the responsibility of doing so, should be disqualified, whatever the
percentage. Aviators do not have to distinguish the color difference
between Aldebaran and other stars but sometimes the color distinct-
tion between flares is hardly more obvious. The color-deficient
cadet is powerless to rectifythe situation no matter how hard he tries.
Under many circumstances he must rely on social aids. The situa-
tion is the general responsibility of administrators. They alone are
in position to adjust it.
Summary
1. The incidence of color-blindness and color-weakness in
18,179 men and 3,010 women was determined by means of the
Ishihara test. The men were divided into several sub-groups. The
largest consisted of 7,966 men examined in 1931 at the Museum of
Science and Industry in New York City. Color defect in this group
showed an incidence of 7.1 per cent. A group of 4,497 Yale men
examined in 1934-35 at New Haven revealed an incidence of 6.4
per cent. A second Yale group of 5,716 men, examined by means
ofthe 9th edition of Ishihara, gave 7.2 per cent. This group treated
as four independent samples gave percentages which ranged from
6.5 to 7.6.
2. The group of 3,010 women examined at the Museum
revealed 38, or 1.3 per cent, who seemed to have definite defect in
color vision as examined by the Ishihara 5th edition.
3. Based chiefly on responses to charts which present colored
numerals on neutral gray fields, analyses were attempted to distin-
guish various grades of color defect. Six main groups are proposed.
From I to VI they are arranged in order of diminishing defect,
group VI being designated as merely color-weak. Group IV is
believed to include the typical dichromats, that is, the so-called
protonopes and deuteronopes and also the extreme anomalous tri-
chromats. No data or other evidence are at hand to confirm this
statement otherthan the results of the single Ishiharatest. However,
von Planta, on the basis of examining 159 defective cases with the
Ishihara test and with the Nagel anomaloscope, arrived at substan-
tially similar condusions.
4. This analysis was undertaken as a contribution toward
answering questions raised by the need for economizing man power
in connection with Air Force personnel. It is suggested that dis-
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qualification for color-blindness might properly embrace groups I
to IV inclusive, which would exclude about 5 per cent of the popu-
lation and approximately three-quarters of the men who are found
to have some degree of color-defective vision.
5. It is suggested that pseudo-isochromatic charts presenting
colored forms of the vanishing pattern type on neutral gray back-
grounds of similar brightness constitute a practical rapid method of
examination for determining degrees of color defect and for identi-
fying cases which should be disqualified in distinction to those who
may be accepted.
6. It is suggested that disqualification of the 2 per cent most
color defective of the average population of young males, while
highly desirable in comparison with no disqualification for color
defect, would not meet the current needs for safety in the flying and
military use of aircraft without drastic changes in the color signals
now in general use.
REFERENCES
I Cooley, E. E., and Grow, M. C.: Color vision. Army Med. Bull., 1936, No.
34, 1-31.
2 Hecht, S., and Shlear, S.: The color vision of dichromats: I. Wave-length dis-
crimination, brightness distribution, and color mixture. J. Gen. Physiol.,
1936, 20, 57-82.
3 Ishihara, S.: Tests for color-blindness. Tokyo, Kanehara; Chicago, C. H.
Stoelting. 5th Ed., 16 plates.
4 Murray, E.: Evolution of color vision tests. J. Optic. Soc. America, 1943, 33,
316-34. [This June, 1943, number of the Journal of the Optical Society
of America contains three important articles contributed to a symposium
on color-blindness.]
5 Newcomb, S.: On Hall's alleged falsification of his observations of the transit
of Venus in 1769. Mon. Nat. Roy. Astro. Soc., 1883, 43, 371-81.
6 Newcomb, S.: Reminiscences of an Astronomer. Houghton Mifflin Co., 1903,
424 pp. [See pages 154-60.]
7 Troland, L. T.: Vision: I. Visual phenomena and their stimulus correlations.
Handbook of General Experimental Psychology. C. Murchison, Editor.
Clark Univ. Press, 1934, Ch. 13, pp. 688-89.
8 Von Planta, P.: Die Haufigkeit der angeborenen Farbensinnstorungen bei
Knaben und Madchen und ihre Festellung durch die iublichen klinischen
Proben. Graefe's Arch. f. Ophthal., 1928, 120, 253-81.
The writer gratefully acknowledges the courtesy of the New York Museum of
Science and Industry in making available the color-blindness data collected at the
Museum in connection with its Color Exhibition in 1931. For their kindness and
cooperation thanks in particular are due Dr. 1. H. Godlove, formerly in charge of
the Exhibition of Color, Professor C. R. Richards, Technical Director of the
Museum, and Mrs. E. R. Cooper, who supervised the color examinations.